INTRODUCTION
In most ant species, reproduction is restricted to mated dealated queens. The reproductive life of queens usually starts at the time of colony founding just after mating. However, before mating, virgin queens remain for a more or less long period within the mother nest accumulating energy, waiting for sexual maturity and the appropriate weather conditions required for nuptial flight . Little is known about the biology of virgin queens during this maturation period, especially concerning their ability to lay eggs. Nevertheless, egg laying by virgin queens is of interest because unfertilized eggs could be an important source of male production, especially in species in which the workers are sterile (Brian, 1979) . Data concerning reproduction by virgin queens are available only for the genus Solenopsis (Tschinkel and Howard, 1978; Voss, 1981) . Two studies have demonstrated that virgin queens of several species within the S. geminata species complex are prevented from shedding their wings and from laying eggs in the presence of the mated mother queen (Fletcher and Blum, 1981; Vargo and Porter, 1993) .
In this paper we study egg laying by virgin queens in the Argentine ant, Linepitherna hurnile, and we investigate the factors involved in the control of this process.
MATERIALS AND METHODS
Like many other tramp species, the Argentine ant is a polygynous and polydomous species with sterile workers . There is no mating flight; mating rapidly occurs in the nest 2-3 days after the emergence of females, and colony founding is (Passera and . Because there is no inter-colony hostility in this species, individuals can be shifted between colonies readily. It is thus extremely easy to set up replicate experiments.
Colonies used in this study originated from Port-Leucate on the western Mediterranean coast of France. After being brought to the laboratory, the ants were drawn out of the soil with the aid of a 100-W incandescent lamp. They were housed in artificial nests covered with a black plastic box and maintained in the laboratory (Passera et al., 1988a) . Under these conditions, queenless colony fragments rear sexuals (Passera et al., 1988a; Vargo and Passera, 1991) . In order to obtain winged virgin queens, females were isolated in the pupal stage and kept apart from other individuals. When necessary, winged and wingless queens were dissected in water using a dissecting microscope; we verified if the queen was inseminated from the presence of sperm, and recorded the absence or presence of developing eggs in the ovarioles and whether or not they contained corpora lutea in their bases.
RESULTS

Dealation
To study dealation of virgin queens over time, 298 winged queens, 0 to 24 h old, were set up in 15 queenless units (mean 20 winged queens per nest; SD 9.8, range 4-42) each containing about 600 workers; they were monitored weekly. Of these, 168 survived long enough to shed their wings. Fig. 1 shows that the time of dealation is very variable, occurring from the first to the fourteenth week (mean 5.2; SD 3.5).
Queen control over dealation
To determine whether mated queens play a role in the ability of virgin queens to dealate, we compared dealation of virgin queens in 2 different experimental conditions. In the first series of experiments, we introduced 14 to 20 virgin queens (mean 17, SD 3.1) into 5 queenless units, whereas in the second series we introduced 11 to 20 virgin queens (mean 17, SD 3.1) in 10 units each headed by 2 mated queens. All the virgin queens used were newly emerged (less than 24 h old). Dealation was monitored every 3 days for 3 weeks. Fig. 2 1993] Passera & Aron 55 queenright units. After 3 weeks, 72.6% and 13.7% of virgin queens dealated in queenless and queenright units, respectively. The difference became statistically significant after day 9 (two-tailed, two-sample t-test 4.59, P 0.0005, square-root arc-sin transformed data).
Another experiment was performed using winged virgin queens reared in pairs in experimental units headed by a mated queen (10 replicates). The units were dequeened when the winged virgin queens were 7 weeks old, and the number of dealates present was recorded once a day (Fig. 3) . In this case, almost 80% of the virgin queens shed their wings within 24 hours, and all of the 20 virgin queens involved in the experiment dealated before day 6.
Egg laying by virgin queens
Within 24 h after emergence, 219 winged virgin queens were housed in 10 units occupied by queenless workers originating from the same natal nest (mean 20 virgin queens per nest; SD 7.3, range 10-31). Egg laying was monitored daily for 8 weeks and later twice a week for 6 additional weeks. After each observation, the observed dealated queens were removed from the experiment.
In addition, 3 winged virgin queens were dissected each week. Even after 14 weeks, no eggs were observed in any of the 10 experimental nests occupied by alates. All the dissections revealed that the spermathecae were empty, and in each case the ovaries were undeveloped and chorionated eggs were absent.
The situation was different after dealation. dealation, all the subcolonies were monitored daily and the time at which the first eggs were laid was recorded (Fig. 4) . This delay was longer in virgin queens than in their mated counterparts: egg laying occurred after 17.8 days + 4.9 and 10.8 days +4.7 in virgin and mated queens, respectively (two-tailed two-sample t-test 3.8, P 0.0006, DF 32, square-root transformed data).
The development of eggs was monitored in 9 experimental subcolonies headed by virgin queens. All of these nests reared only males, which emerged 47 to 63 days after the beginning of egg laying. In two nests, males were able to mate with the dealated virgin queens (their mother), and workers emerged 1.5 months later. Two queens were dissected and had their spermathecae full of sperm indicating that they were mated. 
DISCUSSION
The data reported in this paper are in agreement with those reported in several species of the genus Solenopsis by Blum (1981, 1983) and Vargo and Porter (1993) . As observed in S. invicta and S. richteri, virgin queens of the Argentine ant are inhibited from shedding their wings in the presence of mated queens. However, the effect of queenlessness seems less pronounced than in Solenopsis: in S. invicta, dealation occurred in more than 60% of the virgin queens within 72 hours following dequeening (Fletcher and Blum, 1981) . Similarly, 75% of virgin queens dealated within 1 week in queenless groups of S. richteri (Vargo and Porter, 1993) . In our experiments, winged virgin queens of L. humile seem to react much more slowly than those of Solenopsis species when they were reared and maintained in queenless nests; only 20% of these virgin queens dealated within the first week. However, the difference is not so great if the age of the tested virgin queens is taken into account. In Solenopsis species the authors used virgin females of unknown age but most of them were several days or several weeks old. By contrast, our first experiment was conducted with virgin queens day old at the time of dequeening. Our second experiment involved virgin queens 7 weeks old and gave similar results to those obtained in Solenopsis: all the virgin queens dealated within one week. We can hypothesize that in both genera, the older virgin queens dealated more easily than the younger ones did.
In S. invicta several studies have demonstrated that a primer pheromone produced by the mated queens inhibits dealation of virgin queens Blum, 1981, 1983) . The amount of the inhibitory pheromone is linked to the weight and the fertility of the inseminated queens (Wilier and Fletcher, 1986 (Goetsch and Kaethner, 1937) , Leptothorax nylanderi (Plateaux, 1970) , Messor ebeninus (Tohm6, 1975) and Temnothorax recedens (Dejean, 1974) . In Monomorium pharaonis Buschinger and Petersen (1971) and Petersen and Buschinger (1971) reported that on at least one occasion oviposition began just after wing shedding.
The total lack of vitellogenesis and, as a consequence, the absence of oviposition in winged virgin queens of the Argentine ant is an important finding. Although it is possible that maturation of the ovaries is a long process resulting in the absence of egg laying, this is not the case in the Argentine ant: females reach sexual maturity within 2-3 days after emergence, and oviposition begins a few days after mating and dealation . As our results show, virgin queens retained their wings for several months and never oviposited. The link between dealation and the initiation of oviposition occurs in Solenopsis invicta but it is less pronounced in this latter species. Fletcher and Blum (1983) reported that 20% of the overwintered virgin alates were ovipositing in queenright field colonies. In contrast, their counterparts reared in spring did not lay eggs. These data demonstrate that egg laying by virgin alates in S. invicta is possible for virgin queens that remained in the nest for several months, whereas in the Argentine ant egg laying does not occur no matter how old the virgin alates.
Virgin queens are also known to lay trophic (non-embryonated) eggs which are eaten by workers and larvae. For example, in Pheidole pallidula unmated queens (winged or wingless) lay trophic Psyche [Vol. O0 eggs in queenright or queenless societies (Passera, 1978) . The eggs laid by virgin queens are much larger than the reproductive ones laid by mated queens, and they are always non-embryonated (Passera, 1978) . In S. invicta dealated virgin queens lay embryonated eggs as well as trophic eggs, both being the same size (Kearney et al., 1977; Voss, 1981) . Nevertheless, most of them are trophic eggs since less than 10% are viable (Vargo and Ross, 1989) . In the Argentine ant, we cannot identify two categories of eggs with respect to their size, because no attempts have been made to separate viable and non-viable eggs (by staining the chromatine, for example); therefore, we do not know if trophic eggs are laid by virgin queens.
Another interesting feature is that ovarian development is stimulated by wing shedding in L. humile. Mating is not necessary to accomplish this physiological event although egg laying is triggered more rapidly after insemination. In the Argentine ant virgin queens require 17.8 days after dealation to undergo vitellogenesis, whereas this period is only 10.8 days when dealation follows mating. Our data are similar to those reported for S. invicta. In this species ovarian development is faster in mated queens than in virgin dealated queens; it requires 2-3 days in the former case (Markin et al., 1972) compared to 9-12 days in the latter (Glancey et al., 1981) . These data suggest that mating plays a role in accelerating ovarian development but not in triggering it.
The shedding of the wings is also responsible for the dramatic behavioral changes observed in virgin females of L. humile. During the week following dealation, queens were frequently observed outside the nest. This behavior could be linked to an increase in the aggressiveness of the workers. Indeed, we showed that virgin alates are often attacked and killed by their workers (Passera and Aron, 1993) . In S. invicta and S. richteri many reproductively active virgin wingless queens are executed during the week following dealation (Fletcher and Blum, 1981; Vargo and Porter, 1993) . Does reproduction by virgin queens play a significant role in the biology of the Argentine ant? Considering the low number of unmated queens in field colonies (2.1%, Keller and Passera, 1992) and their weak fecundity, their contribution to male production is insignificant. The situation is quite different in S. invicta, in which the proportion of functional unmated queens in the polygynous 1993] Passera & Aron 61 form ranges from 26 to 30% (Vargo and Fletcher, 1987) and can reach 50% (Lofgren and Williams, 1984) . In this species virgin queens may constitute an important source for male production. In the Argentine ant the advantage would thus lie elsewhere. This species moves rapidly and very often in response to environmental variation (Newell and Barber, 1913) . Nest moving can result in dispersal and isolation of virgin queens in nest fragments deprived of mated queens and males. Under such conditions, our results indicate that virgin queens dealate and soon lay viable eggs. Males reared from these eggs are capable of mating with the virgin queens, allowing the inseminated queens to become efficient reproductive females. This biological event can be compared to the process which leads to queen replacement in situ in dequeened colonies directly from brood present in the nest (Passera et al., 1988 
